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INTRODUCTORY PAPERS

THE IMPACT OF A DYNAMIC ENVIRONMENT

ON

FIFLD EXPFRIMENTATION*

Walter W. Hollist

U.S. Army Combat Developments Command
Fxperimentation Command
Fort Ord, California

Gentlemen:

Let me first thaak you for the invitation to
speak to you this morning. It is an honor and a
pleasure to be a part of this 39th Symposium on
Shock and Vibration. Since some of you may not
be familiar with the organization of which I am
a part, I have divided my remarks into two
parts. First, I will discuss the U.S. Army Com-
bat Developments Command Experimentation
Command and its mission, after which I shall
discuss some aspects of the interaction between
our field instrumentation and a dynamic envi-
ronment.

The U.S. Army Combat Developments Com-
mand Experimentation Con:mand, located at
Fort Ord, is a major subordinate command of
the Army’s Combat Developments Command.
Our parent command is charged with the mis-
sion of determining the answers to three seem-
ingly simple, but really very complex questions:

1. How should the Army by organized?
2. How should the Army fight?
3. How should the Army be equipped?

As you can appreciate, the magnitude of this
task is enormous since these questions must be
answered not only for today, but for next year
and succeeding years for more than 26 years
into the future. To assist in this task, the Com-
bat Deve!opments “ommand las many subor-
dinate commands, of which the Combat Develop-
ments Command Fxperimentation Command,
called CDEC for ease, is one.

We are the field laboratory of our parent
command. It i8 our task to generate scien-

tifically-derived data which will assist in pro-
viding answers to those three salient questions

1 mentioned earlier. Military field experimen-
tation is an adaptation of the well known and

well utilized academic investigative technique.
As with any experiment, our data must satisfy
three basic tests of value — objectivity, validity,
and reliability. Since the medium with which we
are experimenting is a complex interrelationship
between the soldier, his environment, his mate-
riel, the doctrine by which he fights, and the
organization within which he fights, the problems
associated with satisfaction of these tests of
value are unique, as you can imagine.

Just as our problem of experimental design
is unique, so is the laboratory in which we con-
duct our experiments. The CDFC Laboratory
is spread over a 120-mile range. The Labcra-
tory Headquarters and most of our personnel
are located at Fort Ord; however, most of our
experimens are executed at the Hunter Liggett
Military Reservation. Hunter Liggett includes
some 175,000 ac: - of ranges and maneuver
area. Representative terrain at Hunter Liggett
is shown in Figs. 1-3. Our attempt is, however,
to be flexible in our response to the demands of
experimentation. We have, for example, con-
ducted a field experiment in Panama and one in
Texas. The spectrum covered by our experi-
mentation program is broad. Recently we con-
cluded an evaluation of the utility of a new chap-
lain’s kit for use in conflicts such as the current
one in Southeast Asia, and we are now engaged
in an experiment intended to provide insights
into the most effective means of organizing and
arming the basic infantry element.

With this brief explanation of what CDFC is
and wn’ CDEC is, let me move into the primary

*An introductory address given at the 39th Shock and Vibration € ymposium.
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Fig. 1 - Huater Liggett Military Reservatioa {mountains)

Fig. 2 - Hunter Liggett Military Reservation (valleys)
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Fig. 3 - Hunter Liggett Military Peservation (rolling terrain)

subject of my discussion — the impact of a dy-
namic environment on field experimentation.
In addressing this subject I will give you a
broad qualitative rather than quantitative view
since the balance of your program will, I 2m
sure, provide you with sufficient mathematics.

To meet the test of validity, our investi-
gations must be conducted under condirions
which duplicate as closely as possible those of
actual field or combat operations. Therefore,
almost by definition, our experimental envi-
ronment is dynamic. Instrumentation used in
our experiments can generally be placed in
one of two categories. The first of these cate-
gories includes all instrumentation which is
carried by players in our experiments and the
second category includes all instrumentation
which i8 a part of the targets against which our
players operate.

In the first category of instrumentatiox,
we must have equipment which is capable of
functioning reliably and accurately in spite of
the rough and tumble treatment it will receive
in the course of the tactical play of the experi-
ment and which, at the same time, i8 riot of
such weight and volume as to interfere with the
execution of normal operating procedures or
tactical maneuvers by the player personnel.

In the second category of instrumentation the

weight and volume constraints are not as strin-
gent, but the environment is more severe since
the instrumentation is subjected to the induced
shock, vibration, and temperature environment

resulting from a projectile hit on the target. As
you can appreciate, the task of the instrumen-
tation design envineer in first identifying the
appropriate environmental limits and then de-
signing equipment to function in that environ-
ment i8 substantial.

Those responsible for this task at CDEC,
our Instrumentation Support Group, have been
quite successful. The unit shown in Fig. 4 is
the man portable responder unit which can both
send and receive information pertinent to player
activity. This unit is a part of a system by
which a record of player position, event, occur-
rence, and time of event occurrence is main-
tained. One component of this unit, not shown
in Fig. 4, is a probe which extends into the path
of the muzzle blast, senses the firiig of a round
and causes an appropriately coded signal to be
transmitted by the transponder unit. I think all
of you can appreciate the need for careful con-
sideration of the dynamic environment in the
design of such a device.

In the area of instrumentation for the in-
dividual soldier, we are now engaged in a de-
velopment program for a direct fire weapon
simulator, Fig. 5, which will permit us to con-
du- * more realistic two-sided maneuvers than
can be conducted at the present time. This de-
vice will be based upon the use of a pulse-coded
gallilum arsenide laser beam which will be used
as the *“bullet” of the simulator. For realism,
the soldier firing the simulator will simulta-
neously fire a blank cartridge from his weapon.
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Fig. 4 - Man portable responder unit

Figure 5
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Fig. 6 - “Pop-up” personnel target

The recoil of the weapon and force of the ham- aluminum and any vibraticn inducea in the tar-
mer striking the firing pin cause vertical ac- get as & result of a projectile hit could cause
celerations to the weapon which may cause the the registration of ' alse hits.” Study of this
laser beam to miss the target since the logic potential problem led to the overcoating of the
of the simulator requires that three messages forward side of the tar get with a cellular rub-
be transmitted by the weapon and received by her which effectively jamps the induced vibra-
the target in order to register a hit. The prob- tion below a level to which the hit sensing
lem here, of course, is to identify accurately mechanism is sensitive.
the timing sequence of all the actions which
cause the vertical accelerations, identify the In the same category of instrumentation a
amount of time during which the hammer is potentially more difficult problem to solve is
falling, and then transmit the necessary laser associated with our requirement for a vehicular
messages in that time interval. target system which wiil be representative of a
so-callid *“hard target,” that is, a tank or ar-

In the second category, I mentioned one of mored fersonnel carrier. This vehicular “pop-
our principal items of instrumentation in the up” target must be capable of withstanding the
“pop-up® personnel target, Fig. 6. This target shock impact resulting from a direct hit from
is the target we now employ on our “live fire” a projectile fired by a tank in main armament,
ranges. The target is instrumented to record be capable of sustaining more than one hit with-
hits and/or near misses from rifle fire, ma- out destruction, and, of course, be economical
chine gun fire, and from the shrapnel caused to acquire. Our preliminary investigation into
by the detonation of 40-mm grenades. The this problem indicates that atarget constructed
construction of this target system permits of fluted cardboard may be the answer; however,
protection of most of the instrumentation this investigation i8 far from complete as I
within the coffin; however, the target itself is speak to you today.
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DR, BENDAT

We want this panel discussion to
be an informal, extemporaneous, and
informative discussion about work that
has been going on for the last six
years, This is the first public pres-
entation on the results of this par-
ticular S2 Standards Committee to
document and recommend standard methods
for analyzing and presenting shock and
vibration data, based on current usage
and current understanding of the
sctivities and the developments in the
field. This work started in 1962 and
3 the first Chairman was Dr. Charles
F Crede from Cal Tech., Dr., Crede headed
a committee of which Dr. Curtis, Dr.
Rubin, myself and others were members.
Unfortunately when Dr. Crede died some
four years ago, the work was still in
an early phase, so we continued, and
I was asked to take over as Chairman.

Many other pecple assisted us who
represented a cross section of differ-
ent interest groups from Government
and Industry in the U,S, As the
writing proceeded, it was necessary
to send preliminary drafts to these

people for their comments, criticism
and suggestions, This work went quite
slowly and its only heen in the last
two days that we can nox finally state
that our work is Jjust about over.
There was a meeting of the full S2
Committee here in Asilowar on Tuesday
afternoon and at that time the last
material that had been submitted by

this committee was approved, to be
transmitted to the U.S.A. Standards
Institute for final action and ultimate
distribution as a USASI Standard.

I might mention that besides the

TRANSCRIPT OF PANEL DISCUSSION
ON PROPOSED USASI STANDARD ON METHODS FOR
ANALYSIS AND PRESENTATION OF SHOCK AND VIBRATION DATA

Julius S. Bendat
Measurement Analysis Corporation
Los Angeles, California

Allen J. Curtis
Hughes Aircraft Corporation
Culver City, California

three of us who were going to give this
presentation today (we're sorry that
Dr. Rubin is unable to attend), other
people who have been involved reviewing
and approving the work include L, L.
Beranek. S, Edelman, C. A, Golueke,

H. H. Himelblau, D, C. Kennard, D.
ituster, W, W. Mutch, M., L. Stoner,

H. E. von Glerke, representing groups
from the Department of Defense, the
American Society of Mechanical Engi-
neers, the Acoustical Society of
America, National Bureau of Standards,
Institute of Electrical-Electronic
Engineers, Society of Automotive Engi-
neers, Institute of Environmental
Sciences, National Electric Manufac-
turers Asesociation, and so on.

Now, what has resulted from this
effort is a Standard of some 49 pages
that includes a definite statement of
the purpose and scope, every word
carefully chosen. There is a iisting
¢f some 50 symbols which are used
repeatedly. This does not constitute
standardization of the symbols, it
Just means that we use them, we recom-
ment them, others are using them,

This list doesn't replace the use of
other symbols found elsewhere in some
other Standard or in some other work.
Also, there is a 1ist of some hundred
definitions of different terminology
that appears throughout the literature
and a2 great deal of current work.

This includes definitions of some terms
which have appeared in previous Stand-
ards, 8o that we merely followod
previous work; other definitions have
had to be written for the first time.
These are in alphabetical order and go
all the way from "acceleration" through
many of the terms that we will mention
later this norning up to the last term
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of Weakly Self Stationary Deta." Some
of these may be new to certain people
here but they have become well enough
understood now to be incorporated in
such a Standard.

We also have a fairly comprehen-
sive block diagram of recommended datn
analyses and presentations - sort of
overall considerations that you should
have in mind regardless of your appli-
cation. This has been distributed to
each of you here for reference (see
slides). It doesn't necessarily mean
that you will follow every block in
the diagram, but you should be aware
of them and should use those that are
pertinent to a particular applicaticn.
This is one or some twenty diagrams in
the Standard. The other diagrams in
the Standard give greater details for
individual blocks, different ways to
compute certain of the functions or
ways in which to display the results,

There is no attempt in this
Standard to restrict anyone in the
use of any particular equipment,
analog, hybrid or digital, or to use
any special computer data analysis
program. There is no attempt to state
specifically what parameters you should
choose; these matters have to be deter-
mined as a result of a great deal of
other work that would go salong with
these ideas. There are some references
given to pertinent literature, and
there is a great deal of emphasis on
requirements that you should keep in
mind,

These particular types of analyses
and presentations are the ones that we
consider fairly basic, fairly standard,
and we feel there is no reason any
more for people to be using these con-
cepts in different ways. Confusion
exists when the same term has a 4if-
ferent interpretation on the part of
different people. There were a number
of points of view that had to be con-
sidered in this Standard and we tried
as hard as we could to reconcile the
various groups. Different people, of
course, you know, have difrerent needs
and it is quite difficult as we
learned over a four year history to
get the agreement that we finally did
achieve, so we are very pleased at the
acceptance that has been obtained.

I want to emphasize again the
fact that this Standard contains a
number of very basic analysis proce-
dures and basic data presentaticn
méthods. Deviations are going to
occur &nd will legitimately occur for
many special applications, but I think

the requirement on people in the

future who deviate from some of these
recommendations will be that they must
Justify their deviations. It is not a
wholesome situation anymore when people
are computing, for example, correlation
functions or spectral density functions
by a number of different methods with-
out taking into consideration some of
the basic requirements to make sure

that other people who will examine their

work can properly interpret it. The
analysis must te conducted in an
accepted fashion and enough parameters
must be made available to the analyst
so he can do some appropriate error
analysis for the displayed results if
he so desires. Error analysis consid-
erations are implied in the Standard.
However, the exact procedures for
carrying out error analysis were not
in a state where they could be stand-
ardized as such.

The document, I think, will
strike a very responsive chord in the
mind of many people who have long felt
a need for this material. It's our
hope that as it becomes circulated, it
will facilitate the application of
these techniques to not only problems
in shock and vibration but in many
other fields as well. As a matter of
fact, although there are many terms
here that are restricted to shock and
vibration, the actual scope of the
Standeard is broader, and would refer
to random data regardless of the field
in which it's obtained. I might
briefly read a few words that state
the purpose nnd scope of this document.

PURPOSE

"This Standard is designed to
acquaint the user with general princi-
ples of the analysis and presentation
of shock and vibration data, and to
describe concisely several methods of
reducing data to forms that can be
applied and used in subsequent analy-
ses, The Standard includes references
to the technical literature for eluci-
dation of applicable mathematical
principles or where ready explanations
are not available in the literature,
an outline of applicable principles.”

SCOPE

"T.is Standard covers vibration
in the following idealized classes
which are defined in Section 2.2. a.
periodic vibration, b. aperiodic vib-
ration, c. random vibration, and d,
transient vibration (including shock).
It is assumed that the data are avail-
able as time-histories of a variable
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associated with shock and vibration,
for example, acceleration, velocity,
force, and so forth and that any dis-
tortion resulting from the transducer,
recording system, etc., has been elim-
inated. It is recognized that in many
instances the vibration does not con-
form to this classification but rather
consists of combinations of two or
more classea, Suggestions are given
for separating classes as a necessary
step in data analysis."

The purpose, the scope, and other
details in the Standard represent the
results on which we were able to obtain
this general agreement that I men-
tioned. How Dr. Curtis or myself
might apply some of these ideas, or
how some of you might apply these
ideas might be worthwhile additions,
but they were not in a form, in a
general enough way to be included in
the Standard. I think, in our later
discussion, we will have to be very
careful to state what is in the Stand-
ard, as opposed to other practices not
in the Standard (that we are aware of)
which are used by some people.

We have only three slides that
we want to show and then we will open
up the session to discussion. The
three slides are a breakdown of the
figure which has been passed out to
you. You will note that there are,
first of all, many steps involving
classification and data qualification
prior to the time that you actually
do any specific analysis. Then there
are six blocks across of different
types of analysis., I would like to
start out by discussing the initial
preparation and classification of data,
and then Dr. Curtls will go into some
details of specific types of analysis
and presentations.

SLIDE NO, 1

You will note that we start out
with some time-history. The word time-
history is descriptive only. You may
prefer to call it the vibration, record,
waveform or signal, it really doesn't
matter, I think time-history is used
by enough people, and we understand
that it is some indication of behavior
of the particular phencmena in question.
It's a function of an independent
variable which may be time or any other
variable which can take the place of
time. Our job is to analyze in as much
detail as is needed for a particular
applicaticn, the amplitude properties,
frequency properties, and time related
properties as might be contained in
the data.

There are many extensions of ideas
that are not in the Standard - we are
very careful to restrict ourcelves in
the Standard to analysis of either
individual records or to pairs of
reccrds. You may want to get more
information about an individual record
ag & result of being able to duplicate
the analysis on similar results from
other experiments. There is some
discussion here of Jjoint statistical
properties such as cross-correlation
and cross-spectral density analysis,
but we don't go into discussion of
transfer functions or frequency
response functions vhich represent
important applications that you might
want to make of spectral or cross-
spectral results.

In the first part of the Standard,
the top part of this diagram, you will
note that the data needs to be sepa-
rated out into three main types. The
first type of data is transient, which
means that its properties will die
down. Next is periodic data, as
defined classically, which goes on
forever, Third is data which visually
at least may nct appear to be periodic
or transient, so it needs to be studied
further. We call this third type
continuing non-periodic data.

There are three special test
blocks that may be required, but the
actual procedure for carrying out the
test for randomness, or the iast for
stationarity, or the test for normality,
are not in the Standard. There are
different ways that people are cur-
rently using for these tests and we
didn't feel it appropriate at this
stage of the game to standardize any
of these tests, We merely wanted to
indicate herez that there is a need
for such tests, It is necessary, in
general, to qualify the data before
you can do the later analysis to be
sure that you are analyzing what you
think you are analyzing.

A test for randomness is to sepa-
rate out the random from the non-
random components in the continuing
nonperiodic data., It might be ignored
by some trained analysts, but this
omission is seldom recommended. It
doesn't have to be a statistical test,
it can be a practical test, fairly
elementary. The actual ways in which
you might carry out the test for
randomness are not a part of the
Standard,

The most important test require-
ment is probably the test for station-
arity. Again this test is not in a




form that can be standardized, but

here we definitely want to separate

out non-stationary components from
stationary components. All of these
terms are defined in the Standaru and
we don't have time here to give a
course or to go into these matters,

I hope it will still be clear what's
involved in our discussion. If the
data is non-stationary, it must be
analyzed by special methods which would
be peculiar to the particular type of
non-stationarity. One such method
which we felt is in pretty good shape
has been included in the Standard,
namely, a magnitude-time analysis
which Dr. Curtis will discuss. There
are many other procedures for analyzing
non-stationary data - which are not in
the Standard - that should be used
where appropriate in current work, If
the data does pass the test for sta-
tionarity, considering a single record,
we really have the idea of weakly self-
stationary data in mind. For usual
cases of self-stationarity, this means
that we are considering only the sta-
tionarity of this one record rather
than the st&tionarity of a collection
of records.

For weakly self-stationary data,
there are certain types of accepted
well-known analyses that have been in
the field now for wmany years: statis-
tical analysis, correlation analysis,
spectral analysis. Basic results for
these types of analyses are described
in the Standard, the definitions of
various terms, typical displays;
results that we feel are so well
established that there is a requirement
on the part of everybody concerned to
use these methods. Where you might
go further into applications of these
particular results, or in developing
other special functions, you would be
doing your own individual creative
work.

Periodic data is deterministic
data for which fairly classical well-
known procedures are available, since
there are explicit mathematical for-
mulas to describe the properties, as
opposed to random data which must be
handled by probability or statistical
techniques. Some of these accepted
recognized procedures are in the
Standard for analyzing periodic data.
Finally, the analysis and presentation
of transient data, also aperiodic data
and shock data, can be standardized
by means of Fourier or shock spectrum
analysis techniques which are widely
used, as discussed in the Standard.

The first discussion, and the
first emphasis on data classification,
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is really the guideline for overall
considerations. After applying needed
tests, as you perform the subsequent
analysis, we point out in the Standard
the importance of keeping track of
various parameters, so that somebody
that follows you who wants to do some
further detailed error analysis of a
statistical sort would have the neces-
sary parameters. I would like to turn
over the discussion now to Dr. Curtis
who will go into some of the detailed
analysis and presentation recommenda-
tions.

DR, CURTIS
SLIDE NO, 2

This slide again is just a certain
part of the road map, if you will,
that we handed out to you and includes
all the blocks under weakly self-
stationary data. It says that you've
gone through this classification pro-
cess, you've determined that it is
weakiy self-stationary data, and under
here we try to indicate the kinds of
analyses that can, possibly should,
be done. Now you can separate these
into three major kinds: statistical
analysis, correlation analysis, and
spectral analysis. Now these three
are interrelated, as I am sure you are
aware, sir = the performance of cor-
relation aualysis gives you some
indication of the statistical charac-
teristics of the signal and so in
effect helps you in the statistical
analysis. Likewise, for stationary
data, it's possible to derive the
spectral density plot from an auto-
correlation analysis, and so they are
again interrelated.

Under each of these three major
classifications we indicate again
sub-classifications of data analysis
and the last line then describes the
ways in which data after it has been
analyzed in the prescribed way, should
te presented. Now, we have not sug-
gested vhat coordinate scales you
should use or even particularly what
physical units you should use, but
we have indicated the kinds of units
you should use, More particularly,
we have said and we hope through this
document that we can help standardize
the information which is included on
a particuler data plot. For example,
an incomplete spectral density plot
is one that does not give you some
information about the bandwidth used
for analysis, that does not tell you
the length of the data sample, or if
you used a sweep filter, for instance,
that does not define the sweep rate ~*
the filter. We have indicated througho
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the Standard the requirements for com-
plete data presentation so that some-
body else car interpret what you did,
Presumably if you do analysis, it's

for understanding not only by yourself,
but somebody else as well.

Under statistical analysis, we
describe the principles, or some prin-
ciples by which, this may be conducted.
These principles apply equally well
whether you are interested in the sta-
tistical nature of the instantaneous
value of this time history, or the peak
or maxima of the time-history. You can
do this in two ways: you can look at
the probability density of the signsl
which, for example, says what percent-
age of the time is the signal within
a certain megnitude window, or you can
look at the probability distribution
which says what percentage of the time
does the signal exceed a certain value,
As I am sure you will remember, the
probability distribution can be obtained
as the integral of the probability
density. When you have conducted such
an analysis, then we indicate that
probably a desirable analysis to per-
form is to compare thc probability
density or the distribution to the
normal distribution to indeed check
that you have a Gaussian distribution
or how far you've strayed from that.

The third block is a little more
exotic, the joint probability analysis,
where you take two signals and you are
computing their joint statistical or
common statistical properties. The
data presentation here, of course, be-
comes a three dimensional plot which
is a little more difficult, but the
Standard does indicate what is neces-
sary to do.

The correlation analysis breaks
down into two types. First, autocor-
relation, where one looks at the rela-
tionship for a single record between
the values that it obtains a certain
time interval apart as one varies that
time interval. Whereas, for cross-
correlation, you have two signals and
you are looking for the relationship
as a function of a time shift, between
the values of those two signals,

Spectral analysis breaks down
into two kinds of analyses and a third
one which is sort of a product of the
other two. e have a power spectral
density function shown as the first
analysis, The word power, of course,
can sometimes be questioned. It is
perhaps a matter of personal taste and

‘there is some thought that perhaps we

should make thi¢ more symmetrical by
calling it autospectral analysis. We
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don't require this in the Standard but
autocpectral dencity analysis is re-
lated to the autocorrelation function
analysis, and here we are looking to
find out what are the frequency char-
acteristics of the signal. 1In cross-
spectral analysis, it's a similar type
except we have two records and we want
to look at the frequency characteris-
tics of these two signals simultaneously,
and thie kind of analysis is closely
related to c¢ross-correlation anslysis.
In other words, for correlation analy-
sis you do things in the time domain
whereas for spectral density znalysis
you do things in the frequency domain.

Coherence funciion, which may not
be familiar to all of you, is a func-
tion of frequency which is numerically
the ratio of the square of the magni-
tude of the cross-spectral density to
the product of the autospectral den-
sities (or power-spectral densities)
of the individual signals. 1In all
cases, we have indicated how ycu ought
to present these kinds of data after
you have conducted the analyses shown
in the middle row.

SLIDE NO. 3

This was to be Sheldon Rubin's
slide until about half an hour ago.
I'1l try to walk you through what is
the remaining part of the road map in
a few minutes. We have one class of
data, and have indicated that a simple
analysis that can be done with this
type of data is magnitude-time analy-
sis., Here one is saying the magnitude
of the signal, or the intensity of
the signal, is varying as a function
of time and you wish to examine the
way in which it does vary. What you
would like to do then is look at the
variation of some representative
characteristic of the signal as a
function of time. This might be the
overall RMS value, it might be the
spectral density within some restricted
bandwidth, or any other characteristic
of your choice. You can do this in
two ways: you can break up the signal
into successive small time increments
and calculate the value for each incre-
ment and look at this as a function
of time, or you can look at a sort of
a running average, if you will,

If you examine the right side of
the slide, you see we have periodic
data and aperiodic data both feeding
into spectral analysis, but in this
case it is spectral analysis for a
deterministic signal rather than the
random signal shown on the last slide.
You can break these types of data into
periodic data or multi-sinusoidal data.
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Now by multi-sinusoidal data, we mean

a signal which is composed of the super-

position of a numbei o sine waves;
however, they are not hermonically
related, and so it then is an aperiodic
signal though composed of sine waves.
Periodic and multi-sinusoidal data
classically give you a Fourier line
spectrum and one computes the magnitude
and phase for each of these sinusoidal
components.,

Aperiodic data and transient data
on the other hand yield a continuous
opectrum and one conducts a Fourler
transform analysis here and the data
may be pre:ented as the real and imagi-
nary parts of the Fourier _uatinuous
spectrum or if you wish, the magnitude
and phase as a function of frequency.

The last kind of analysis included
in the road map and described in the
Standard is shock spectrum analysis.

We have described the way in which the
shock spectrum analysis is conducted.
You can plot several types of zhock
spectra. For instance, you can look
at only the positive values «.f the
spectra, or you can look at both the

positiv: and the negative values., Also,

you can look at what is called the
primary shock spectrum (in other words,
the shock spectrum which one obtains
while the transient is in process), you
can look at the residual shock spectrum
which is a plot of the responsc maxima
after the translent, has died away, or
you can look at the overall shock
spectrum (the shock spectrum which in-
cludes the maxime both during and after
the transient).

We point out in the Standard that
with any shock spectrum analysis, one
has to select the damping factor or
the Q for the single-degree-of-freedom
systems used in the analysis. The Q
used in the shock spectrum analysis
has to be defined on the data presenta-
tion and if you like, of course, you
can repeat the analysis several times
and come up with a family of curves for
different Q's. Basically, two kinds of
presentation are described: the first

is a response-frequency plot in Cartesian

coordinates, The second kind requires
a four coordinate plot which is partic-

ularly useful for shock spectrum presen-

tatlon wherein, as a function of fre-
quency, there is displayed the pseudo-

velocity, the maximum relative displace-

ment, and the equivalent static
acceleration.

QUESTIONS AND ANSWERS

guestion: Attendee from TRW
an you explain to us exactly how

and rerhaps more important why we
should difcriminate between non-
stationary data and transient data?

Answer: Dr. Bendat

T™Is Is a good question. Tran-
sient data can be considered to be a
special type of non-stationary data
for certain applications and can be
treated by some particular non-
stationary analysis method. The fact
remains, however, that many people do
analyze transient data by taking a
Fourier transform, or perform some
shock spectrum analysis without getting
involved in more advanced considerations
of non-stationarity. On the other hand,
non-stationary data in general would
not have Fourier transforms and must
be analyzed differently than the usual
transient date.

Answer: Dr. Curtis -

T can glve an example where a
non-stationary signal would certainly
not be considered a transient. You
all know what a shock is - but if we
had a recording of the vibration in a
missile, a continuous recording during
which the flight conditicns of the
missile or perhaps the airplane were
changing continuously - I think that
would be a non-stationary kind of sig-
nal but where I rather doubt you would
treat it as a transient.

Answer: Dr. Bendat

There are overlapping areas here
vwhere you may take certain data and
put it ir more than one category. We
stated that at the very beginning of
this discussion. You can analyze the
data by different approaches as eppro-
priate to the given application. In
this Standard, wz 1list accepted methods !
for analyzing data which would be
classified as transient, periodic or
non-periodic. ‘fhe non-periodic would
be divided down further into finding
out :eally why it is non-periodic. The !
distinction between stationary and non- ]
stationary is a critical one because
anybody that analyzes nhon-stationary
data by the accepted techniques of
weakly stationary data is doing incor- .
rect work, is losing sight of vital
information, If data is non-station-
ary, it would have statistical proper-
ties which vary as a function of time,
whereas weakly stationary methods, on
the other hand, give you results which
are independent of time. There is a
complete separation in techniques and
interpretations between these two
classes of data.

.

Question: Attendee from NSRDC

WIIT the guide or Standard as
publishcd assume that the user knows

13

s




why he will use this Standcrd or do you
provide guidance and examples of why
you would do certain types of analysis
in order to get certain types of presen-
tations?

Answer: Dr. Bendat

The Standard does not replac:. the
need for understanding obasic concepts
or preactical knowledge on the part of
the user. It is very restricted in
scope. ‘fhe user must supply his own
Justification for why he wants to do
any part of the analysis that he might
conduct., Application areas as such
are not included in the Standard.

This Standard can be used for many
different application areas. I know
of other work goiag on in Oceanography,
Communicaticns, Seismology, etc., which
also require the same ideas that are
included in the Standard. I think
that it would be very difficult, ir
not impossible, to get agreement on
these matters from as many people who
have been involved in this over the
past six years if we tried to stand-
ardize particular applications or
particular interpretations. I am
amazed and really very pleased at the
final results of this sustained effort,
that we were able to get agreement on
what is contained in the Standard.
There are many guidelines here, many
valuable ideas, and many things are
implied besides what is actually stated
in the Standard, but what is stated is
very specific on recommended ways in
which to use certain terms and the
recommended ways to carrv out certain
analyses, 1isting important parameters
and displaying results,

Question: Attendee from Aerospace
Corperation
€ Joint probability distribution
that is included, is it for two signals
or for more than two signals?

Answer: Dr. Curtis
ou aske e joint probability

was for more than two signals. The
material in the Standard resiricts it-
self to how to compute the Jjoint
probability distribution for two sig-
nals only. It does rnot explore the
more general case,

8uestigg
en do you hope to have this
Standard in efrfect?

Answer: Dr. Bendat

Well, as 1 mentioned, two days
ago we received approval here from
the S2 Cormittee on our last draft
of the Standard, and were authorized
to submit it to the United States of
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America Standards Institute for their
final action and distribution., I
don't xnow how fast they are able to
move, We ourselves are now essentially
through with our contributions and
expect to send this material to the
Standards Institute within the next
thirty days. Those of you that may
be interested in getting a copy be-
cause of your current work can obtain
one by writing to me in Los Angeles.

There is a lot of room that's
still left in this rield in the way
of future Standards aud future applica-
tions. There are many challenges and
spportunities for different people
who have different facilities who will
actually carry out the work. There
is no restriction in this Standard
at all - as we said - on the use of
any particular instruments or any
particular digital computer programs.
However, if you want to have a compre-
hensive capability, then clearly we
have stated here at least the minimum
requirements that should be available
to you. Which perticular types of
analyses you would conduct will vary
considerably from user to user. No-
body in his right mind should ever
take any raw data and go through and
compute all of these functions. It
would be a waste of a great deal of
effort. On the other hand, if yocu
only collect data and immediately do
a power spectral density analysis,
that would also be wrong because no-
body covld interpret the results. You
muct qualify data along the way to
make sure that any particular analysis
is appropriate to that particular
data for some specific application.

On this positive note, the session
is adjourned.

Lob wana A, o e O rel
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TRANSPORTATION AND PACKAGING

THE BUMP TESTING OF MILITARY SIGNALS EQUIPMENT
IN THE UNITED KINGDOM

W. Childs
Signals Research and Development Establishment,
Ministry of Technology, United Kingdom.

shortcomings.

The paper explains the need for mechanical proofing tests on equip-
ments, sub-assemblies and components and briefly describes the first
bump test machine built to carry out such tests, and the machine's

The characteristics of the current British bump test and the reasons
for its form are dealt with, leadirng to the design and manufacture of
the 501b and 2501b machines cu-rently used in the U.K. capable of
applying the test. The design, operation and performance testing of
these machines is dealt with in some detail.

The need for ruggedised equipment need
hardly be stressed; for whatever its use,
military or commercial, at some stage it will
be subjected to rough treatment while being
transported by road, rail or air.

However my remarks today centre mainly
on the standards required for military equip-
ment and give some account of the circum-
stances which have l~d to the adoption of what
the U.K. classify s a "Bump' Test.

During the early part of World War 11
there was a high failure rate of signal equip-
ment caused by transportation. Equipment
was frequently carried unpacked, loose, on
the floors of trucks travelling cress-country.
The same hazard applied to equipments,
normally fixed, but removed and taken locze
in trucks to base workshops for repair. Under
these conditions the most severe bumping was
experienced, and the most serious damage
occurred.

This high failure rate showed the need for
mechanical proofing tests for new equipments,
sub-assemblies and components.
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The responsibility for these tests was
handled by the Inspectorate of Electrical and
Mechanical Engineering (I.E. M,E.), who
produced the first bump test machine.

HARD RUBBER
BUFFER STOPS
CONTROLLING
AMPLITUDE OF
TABLE

HAND OPERATED
CONTROL FOR
LIFTING TABLE
OFF DRIVING
CAMS

FIGURE 1. THE FIRST BUMP TEST MACHINE

LIFTING
CAMS

This machine, shown at Figure | was in
use for several years and the experience
gained from it demonstrated the necessity to
rationalise the test. Engineers had criticised
the machine's performance, mainly on the
ground that test results were not repeatable.




This criticism was justified when the cally designed rubter anvil. The anvil and

machine's performance characteristics were link arms are so positicned that at the instant
examined. The machine produced secondary of impact the ram motion is vertical and the
shocks varying in magnitude and duration link arms parallel to the face of the anvil.

during the free drop and cam pick-up periods.
Such a random test negates the whole concept
of controlled laboratory environmental tests
within defined parameters, fully instrumen-
tated to produce positive evidence of an equip-
ment's capability.

Environmental tests must be designed to
simulate with reasonable accuracy, certain
characteristics likely to be met in service, and
provide repeatable ccasistent measurement.

It is imperative that a bump test machine
should be capable of producing repeatable
results.

The British Bump Test is one in which the
equipment is subjected to a specified number of
shocks, ir other words it is a periodic bump
test, although each individual bump is 2 sepa-
rate entity and the shock applied is a non- FIGURE 2. THE 50l1b BUMP TEST MACHINE
periodic function.

The drop height and lift of the table is con-

Machines capaso.e of providing the re- trolled by the setting of an adjustable tappet
quired performance are the S,R,D,E, Bump fixed to the ram. The tappet, has a nylon tip
Test Machines. Two machines were designed, and is lifted by the cam, the bearings of which
the 501b and 2501b machines, the weights are resiliently mounted. The driving force is
referring to the maximum pay load. These applied through a torsional resilient coupling.
machines are now widely known and used in a These precautions, nylon tip, resilient
number of countries as a standard for robust- mountings and coupling assist in the smooth
ness testing for military signals equipment. pick up and release of the table necessary to

reduce impact between the cam and tappet to

The performance requirements for the an acceptable level.
new machines were based on the experience
gained during the use of the early machine The machine is calibrated under full pay
and the results of field investigations, and load conditions, ballast weights totalling 501b
these in turn were written into the Ministry being firmly secured to the table. The ballast
of Defence, Specification DEF. 133 as the weights must be smooth and flat so as to
performance requirements for Bump Test eliminate contact vibrations. In some
Machines. The specification states briefly, instances it has been found necessary to have
"The waveform of the impact deceleration the interfaces of the weights nylon coated.
shall approximate to one half-cycle of a sine
wave, mean peak value 40g + 4g. The dura- The accelerometsr response illustrated
tion shall be 6 + ) milliseconds. The ampli- at Figure 3 was obtained from a piezo-electric
tude of any waveform distortion shall not transducer mounted on the table and it covers
exceed 20 per cent of its fundamental wave- one complete cycle of operation. Secondary
form. At all other points in the cycle the impacts due to cam pick-up and release are
maximgm acceleration shall not exceed 10g'. negligible and well within specification re-

quirements. On close examination they can

The S.R.D. E, 50lb Bur.p Test Machine however, be detected. This fact is most use-
at Figure 2 was designed for the robustaess ful in that it enables the machines perfor-
testing of small equipments, sub-assemblies mance to be closely controlled. The ampli-
and components with a maximum weight of tude of the cam impact on pick-up can be
501b. The cast aluminium test table, 12 x 12 observed, and if excessive, be reduced to
inches and integral ram are freely mounted by acceptable level by adjusting the running speed
two parallel motion link arms to vertical so that the cam meets the tappet more or less
members of the base frame so as to drop on the peak of its bounce rise. The cam re-
freely with a rectilinear motion onto a specifi- lease can also be identified and the measure-
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e

ment of the time between releass and impact is
the time taken to rdrop one inch, from which
the velocity on impact can be caiculated.

TABLE OISPLACENENT

FREE DROP

IHPACY‘\\E‘
BOUNCE 'CAM PICK UP

.
.

T—iie 1

N i CAM PICK UP
mus\i‘ :n P

TIME BASE
FIGURE 3. ACCELEROMETER RESPONSE

This information provided by the accelero-
meter response enables the performance of
the machinese on delivery, installation, and
during use to be closely controlled and stan-
dardised. For example, if the drop time was
too slow one would irnmediately examine the
link arm bearings for sti‘fness, lack of oil,
etc.

The 2501b Bump Test Machine, shown it
Figure 4, has a 2ft square cast aluminium -op,
box sectioned with fabricated integral ram,
and is freely mounted by two parallel link arms
to the base frame in a similar manner to the
501b machine. Ballast weights, ten 25lb units,
nylon coated on interface surfaces are carried

FIGURE 4. THE 2501b BUMP TEST MACHINE
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insidz the ram thus ieaving the whole of the
table area free of obstructions, unlike the 501b
machine where the ballast is carried on the
table.

The table lift is governed by a variable
pivot, rocker motion cam, actuated arnd driven
by a geared $ H.P. D.C. motor. The cam is
designed to pick up the table at a predeter-
mined rebound position following the impact
and to lift it to wae required drop height. The
rocker mechanism is incorporated to ensure
the came smooth lift characteriotics over the
adjustable drop height, range 0.25 to 1.25
inches. The drop height is preset by a coin
slot screw situated at the foot of the base
frame. Bump repetition rate is governed by
a motor speed control and enables correct
synchronisation of cam lift with table bounce
within the impact repetition rate of 2 to 4
bumps per second for a particular test condi-
tion. A foot pedal is provided to determine
the table pay load by reading a calibrated
gauge situated at the base of the machine when
the pedal is pressed with the machine at rest.
A preset counter with "cut out' switch incor-
porated is used to control the number of bumps
per test. Within limits, other bump impact
conditions can be obtained by varying the
heights of drop, the pay load including ballast,
or the Shore hardness of the anvil.

The project, the rationalisation of the
Bump Test and Bump Test Machine was under-
taken by S.R.D. E. successfully to the extent
that a performance specification for a test
machine is now published by the British
Standards Institution, BS. No. 3585. Interest
in such a test requirement has been stimulated
internationally via International Electro-
technical Committee (1.E.C.) and N.A, T, O,
and naturally opinions on the value of the test
are divided, not so much on technical grounds,
but largely because individual countries were
deeply committed to alternative forms of
testing, mainly one form of shock test or
another. However there is reason to Lelieve
that a large measure of agreement exists in
that the bump and shock tests are complemen-
tary, for example, there is uo suggestion that
the bump tes: ranroduces the characteristics
of = pavachute landing, but does more readily
simulate shocks expe;rienced by electronic
equipment during Su.rvice Use, handling, cross
country transport :ind the effects of shunting
(railroad humping) as confirmed by a study in
the U.K. by Export Packaging Services (E.P.S.)
and the Fighting Vehicle Research and Develop-
ment Establishment (F,V.R.D.E,).

The results of this investigation revealed




that loose pieces of equipment up to 100 1b in
weight experience shock levels of up to 100 g
when trar.sported under hazardous conditions,
across rough country. Duration of significant
impacts range from 5 to 35 milliseconds. The
occurrence of bumps above the 40g level are
relatively few and we consider that these would
be adequately covered by the Drop and Push-
over Tests. By far the greater number of
bumps experienced during these trials which
covered several types of Army transport
vehicles driven at various speeds over poor
road, pave and rough cross country terrain
were of the order of 40g and less. Thus it
wou'd appear that the choice of the 40g impact,
duration 6 milliseconds, would be of sufficient
severity for use as a standard for robustness
testing. The results obtained from transport-
ing a piece of equipment loose in a 3 ton truck
over rough country are graphically illustrated
in Figure 5.

OCCURENCE OF SNOCKS SHARPLY REDUCING.
6 OWLY ISOLATED SNOCKS OF BETWEEA 40-606.
ANPLITUSE ARG OF 5 O IS mSECONDS DURATION.

FIGURE 5. GRAPHIC REPRESENTATION OF
SHOCK LEVELS MEASURED ON AN EQUIP-
MENT TRANSPORTED LOOSE IN A 3-TON
TRUCK OVER ROUGH TERRAIN.

Many of you may feel concerned that the
adoption of such a bump test universally might
adversely effect the economics of equipment
development. Experience in the U. K. has
shown that this is not so, since, in fact, any
equipment structure built on sound engineering
principles will certainly survive the 40g con-
dition. Any higher levels, for example 80g,
would, we agree, result in a severe rise in
development costs. It is interesting to note
that certain manufacturers, mainly of domestic
equipment have adopted a 20g test. The
number of bumps, 4,000 has been the basis of
an acceptable relationship between the life of
the equipment and cost of construction - good
engine¢ring construction in relation to cost
factor.

The Bump Test is included in all our
environmental specifications for new equip-
ments which are liable ta be transported
loosely and not permanently fixed in the
vehicle. It is applied at temperature extremes
-40°C and +50°C with solar radiation covering
transport in open vehicles.

It is also used in an abbreviated form,
100 bumps, as a shake down test during
factory inspection. This augments the re-
moval of foreign matter, for example loose
bits of solder, nuts and etc., and helps to
reveal faulty workmanship, dry soldered con-
nections, poor welding, loose nuts and bolts
and badly mounted components. The produc-
tion qualification tests are then applied and
finally we should have a robust equipment
capable of reliable performance in the field.
This is the British Bump Test.

British Crown copyright, reproduced with the
permission of the Controller, Her Britannic
Majesty's Stationery Dffice.

DISCUSSION

Mr. Swanson (MTS Systems Corp.): Could ,
you elaborate on the transverse bumping? For
instance, in service the radio looked as though
it got a few sideways jolts. How do you check
out the transverse effects ?

Mr. Childs: You only saw part of the bump
test.” It Is applled in each of three planes. 1f

there are three planes on which it can stand, it

gets 3000 bumps in each of those planes.
Mr. Swanson: All to the same g-level?
Mr. Childs: Yes.




NLABS SHIPPING HAZARDS RECORDER STATUS AND FUTURE

PLANS

Denis J. O'Sullivan, Jr.
U. S. Army Natick Laboratories
Natick, Massachusetts

The paper describes the basic recorder unit developed by NLABS
to measure the shipping hazards that packages encounter in
worldwide distribution and storage. Also described are the
transducers used with the basic recorder to measure velocity,
temperature, humidity, static load, dynamic load and acceleration,
The status of the program is presented along with future plans

and the results of the limited test shipment,

INTRCDUCTION

There is a continuing need within the
Department of Defense for reliable in-
formation on conditions encountered by
military supplies during worldwide distribu-
tion and storage. In 1955 an Ad Hoc Commit-
tee was established to collect the information
but was deactivated in 1963 due to the lack of
suitable recording instrumentation to measure
the desired conditions, As a result today's
packaging design engineer has to rely on
""empirical and nebulous criteria" established
through experience, to design e.cective
packages. In most instances the packages
have excellent protective qualities but are
overpacked, resulting in excessive material
and labor cost. In some instances they are
underdesigned resulting in damaged contents,

Aboat 5 years ago, in an attempt to pro-
vide the packaging engineer the necessary
information, the U, S, Army Natick
Laboratories established a design criteria
program to devise the ways and means
required to meas.re and record the shipping
hazards encountered by military supplies
during worldwide distribution and storage,

A contract was awarded to determine the
availability of suitable recording unite that
would meet the following requirements:

1. Be compact.
2. Have a large memory bank.

3. Be capable of long periods of
unattended operation,
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4. Be compatible with automatic data
processing equipment.

5. Be able to distinguish clearly be-
tween each shock input.

6. Be able to distingyish between
positive and negative shock inputs.

7. Have a time code,

The study showed that no commercial
recorders were available and work was be-
gun to develop a recorder to measure five
parameters:

1. Shock (Droe -Height) o

Venetos (1) has indicated that the
greatest damage to a container is likely to
occur when the container is dropped during
a handling operation, Therefore, the
packaging engineer must have available an
expression of the magnitude of the shocks
incurred by the container., It was determined
that the measurement of velocity would be
the most useful. Knowing the velocity, the
impact energy which protective packaging
must absorb can be calculated, Also,
velocity can readily be converted to an equiv-
alent drop height (V = VZgh /) which
can be directly related to many coniainer
testing procedures based on the free-fall
impacting of containers.

2. Temperature,

While there is much data on the
climatic conditions in various parts of the




world, the actual temperature in the interior
of the package is unknown. :

3. Humiditl.

As in the case of temperature, the
actual humidity in the interior of the package
is unknown.

4. Static Load.

The static load that a container is
subjected to, must be measured in order to
insure that container will be 4esigned to
withstand these compressive loads.

5. I_)&mic Load,

The forces acting upon a container,
when it is subjected to a shock from another
container being dropped on it or when it imi-
pacts against the wall of a truck or train, are
a determining factor in the life of the con-
tainer. This is the least available type of
data required by the designer,

A basic magnetic tape recording
unit along with transducers to measure
velocity, temperature and humidity was
developed. Further work resulted in the de-
velopment of a static load transducer system
and a dynamic load transducer system. As
a result of the work accomplished to date
there are availaBle three types of recorder
systems utilizing the same basic tape
recording unit. They are:

1. Shock- Vslocity (Drop-Height)
Recorder, —

This will record only the peak
velocity independent of drcp surface from
three mutually perpendicalar planes. This
recorder is shock actuated, i.e., the signal
is recorded when the shock occurs,

2. Combination Recorder.

This will record temperature in
OF., humidity in percent relative humidity,
and static load in pounds. It is time actuated
a reading being taken every hour.

3. Dynamic Load Recorder.

This will record the peak dynamic
superimposed loads in pounds that containers
experience when subjected to impacts by
other containers or pallet loads subjected
to impacts by other pallet loads. The
results will reflent the effect of both mass
and impact surface,

The data stored in the magnetic
tape is retrieved using a data retrieval
and processing system. This system con-
verts the velocity analogs to equivalent
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velocity showing both magnitude and
direction. The vectors are combined
electronically to give a resultant drop height
axpressed in inches. The temperature and
humidity are expressed in OF. and percent
relative humidity, respectively, and plotted
graphically with respect to time by a two-
coordinate plotter, The static & dynamic
superimposed loads are expressed in force
(pounds) and the information obtained from
all recorders is related to time.

After retrieval the information
collected will be statiatically analyzed to
provide quantitative data for use in the
design of containers and testing procedures,
Eventually the data will be consolidated in
table form, From the statigtical tables
developed the engineer can predict, for the
confidence level desired, how many times
the package will be impacted, from what
height, the ®mperature and humidity
extremes expected and the compressive
strength desired. Based on these predictiom,
criteria can be established for use in labora-
tory free-fall testing methods, conditioning
rooms, and compression machines,

BASIC RECORDER UNIT

The basic recording unit (Figure 1)
meets all the design parameters previously
outlined, It consists basically of:

1. Spring-loaded magnetic tape
supply and take up reels.

2. A four-channel in-line tape
recording head.

3. A rotary stepping motor to advance
the tape 1/16th of an inch for each data input,

4. A 45-volt D.C, power supply.

5. Solid-state circuitry to provide
the proper electrical triggering impulses
for advancing the stepping motor.

It is a small self-contained unit (6-3/4 x
8 x 9 inches) weighing app roximately 10
pounds that will record up to 16, 000 events
on magnetic tape while operating unattended
in the field for periods of up to five months,
The recording unit is shock mounted within
six 1-inch-thick polyurethane foam pads and
contains a small 45-volt D, C. power supply.
Although analytical and experimental studies
indicate that both the battery and shock
mounting system are adequate under even
the extreme conditions, it is desirable,
wherever possible, to use a larger capacity
battery as well as additional cushioning pads
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Figure 1, Basic Recording Unit
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A timing circuit ie incorporated into the
recorder to actuate the advancing electronics
at either one hour or six hour intervals. A
Bulova Accutron timer closes a switch at
the predetermined time causing a pulse to be
fed to the recording head and recorded on the
magnetic tape as a timing mark. This pulse
also energizes the digimotor which advances
the magnetic tape 1/16th of an inch. The
recording of parameters can either be time
actuated, as in the case of the combination
recorder, or force actuated. In the latter
cage, in addition to the time marks, the pubes
generated by the measuring transducer are
recorded. These pulses after being
recorded on magnetic tape actuate the advanc-
ing electronics without generating a time
pulse, thus allowing the analyzer to deter-
mine the approximate time the ¢vent took
place.

The recording process is unique in that,
unlike conventional recorders, the record-
ing is done while the tape is stationary., As
a result there is minimal constant drain
across the battery allowing the recorder to
be used for prolonged periods of time with
its small, lightweight, power supply. There
was no information available on character-
istics of recording on tape while stationary,
The process was developed in-house,
Laboratory tesfs showed that by using high
quality instrumentation, tape inputs of from
50 millivolts D, C. to 260 millivolts D.C.
(Figure 2) could be recorded while still
remaining in the linear portion of the tape.
By electronically conditioning the signal
from the transducer to be compatible with
the linear portion of the tape, tue desired
range of values can be recorded with the
greatest accuracy.

When the basic recorder is married to
a set of transducers with conditioning
electronics, it assumes the identity of the
parameterts) being measured. Work on
three types of recorders have been com-
pleted,

1. Shock-Velocity (Drop-Height)
Recorder.

The theoretical design and
development of the velocity (drop-height)
transducer (Figure 3) was previously
discussed by Venetos (1) and will not be
repeated here, The transducer consists of
a teflon-coated permancnt Alnico-V
magnet, spring mounted within an aluminum
tube and housed in a low permeability sleeve
to prevent stray magnetic fields from
affecting the signal output, The helical
compression spring is fabricated from
non-magnetic monel wire, The entire
system has a natural frequency of 10 He.
The transducer is 1-1/16 inches in diameter
and 7 inches long, weighs 1 pound and is
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capable of measuring drop heights from 3 to
48 inches and half sine shock pulses of up to
30 milliseconds (Figure 4).

Six of these transducers, along with
conditioning electronics, are joined to the
basic recorder to {orm the shock-velocity
(drop-height) recorder. On impact, the
signal generated by the transducer is fed
through an actuating switch circuit which,
if the signal exceeds that produced by a
3-inch drop, is turned on until the maximum
nignal is produced and recorded. The
threshold level is set at 3 inches to prevent
recording of low level impacts of constant
frequencies such as those common to rail
or truck transportation. This allows grzater
usage of the tape for recording meaningful
data. Activation of the switch circuit causes
a series of transistors to be biased into
conduction, This provides a path for the
power supply to discharge through the
digimotor which is actuated and advances
the tape. Another electronic switch, which
blocks all secondary signals to the recording
head for a period of two seconds, is set into
operation by the current pulse associated
with the operation of the digimotor. This
pulse causes a series of transistors con-
nected in parallel between the transducer
coil and recording head, to conduct current
which effectively shorts or grounds all
secondary signals before they reach the
recording head (see Figure 5). In this
way the secondary signals caused by
oscillation of the magnet after impact as
well as those caused by rolling or toppling
of the container have no effect on the
recorded signal,

Using this method, positive and
negative signals are recorded on three
channels, one for each axis. The fourth
channel is used to record a timing pulse
either once each hour or once every six
hours,

2. Combination Recorder.

The combination recorder contains
circuitry and transducers to record
temperature, humidity and static load. This
recorder unlike the shack-velocity (drop-
height) recorder, is time actuated, a
reading being taken every hour. The
time pulse is fed to the input of a uni-
vibrator as shown in Figure 6. The output
of a uni-vibrator appears as a 100-milli-
second 12-volt rectangular pulse, which
is used to operate both the temperature and
humidity electronics as well as to actuate
the static load power supply modul:. Since
the uni-vibrator is normally off, ths 12-
volt power supply experieunces little current
drain. When a positive input pulse is fed
to the uni-vibrator it produces a rectangular
pulse whose duration ia dependent upon an
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internal RC time constant and whose amph-
tude depends upon the operating pcteutil?.
The output of the uni-vibrator is fed to the
temperature sensor which consists of a volt-
age regulator and a bridge circuit and te

the humidity transducer consiating of 2
voltage regulator and an amplifier, The
bridge circuit of the temperature sensor
contains two temperature dependent
thermistors and two equivalent calibration
resistors. The output of the amplifier in

the humidity sensor, is dependent upon the
input bias which is a function of the electro-
humidity transducer. The static load

power supply modules, activated by the
pulse from the uni-vibrator, supplies pulse
excitation to the static load cell bridge
whose output is proportional -~ the load
being measured. This output is then ampli-
fied, converted to a D.C. level and fed to
the recording head, Using these transducers
the combination recorder is capable of
measuring temperature from -500F. to
+1500F ., humidity from 10% R.H. to 90% R, H.
and static loads from 0 to 6000 pounds. A
calibration curve for the static load system
is presented in Figure 7.

3. Dynamic Load Recorder,

The dynamic load recorder con-
sists of the basic recording unit married to
three seta of dynamic load transducers
mounted in three mutually perpendicular
planes. The operation of this recorder is
simiizar to the static load portion of the com-
bination rocorder except that it is force
actuated., The transducers, each consisting
of four load cells connected in series, can
be used to measure both static and dynamic
loads,

DATA RETRIEVAL SYSTEM

The tapes containing data are processed
using a data retrieval system (Figure 8),
The data recorded is in the f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>